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Introduction 
It has been reported that certain visual conditions cause stress 
on the visual system and can lead to a decrease in performance and 
an increase in visual symptoms (Sheedy 1992). This is supported by 
Ferguson who reports conditions such as accommodative dysfunction 
add to the difficulty of prolonged visual work. (Ferguson 1974) He 
also notes that "Visual symptoms will result whenever the visual 
demands of the task exceed the visual abilities of the individual. 
Therefore, for any given patient the symptoms can be primarily the 
result of a particular visual disorder, poor visual work environment, 
or a combination of both." (Ferguson 1974) 
High demands and expectations during rehearsal hours may be 
creating visual stress for musicians. Our goal in this research project 
is to examine the particular visual environments that occur for 
violinists and violists as a result of these demands. The unique head 
positioning, posture, and consequent gaze of violinists and violists m 
their visual environment, may increase astigmatism, astigmatic 
anisometropia and cause unequal accommodation effects. Stress 
created or felt during high demand rehearsal hours may also 
increase near point stress . 
There are a variety of positions and gazes that separate the 
visual demands of violinists and violists from the visual demands of 
other musicians. Violinists and violists must disrupt their normal 
visual posture to play their instruments. This posture is best 
described based on Forrest's triad consisting of visual scan, head scan 
and head posture. Visual scan refers to eye movement free of 
accompanying head movement. Head scan refers to eye movement 
that is associated with head movement. Head· posture refers to a 
combination of one's head angled vertically around the x axis, rotated 
around the z axis, and tilted around the y axis. 
Figure 1: VISUAL SCAN-Eye movement free of accompanying 
head movement. 
Figure 2: HEAD SCAN-Eye movement yoked to head move-
ment. 
, 
HEAD ANGLE HEAD TILT HEAD ROTA TIOH 
Figure 3: HEAD POSTU.RE-The major elements of head movement around the x, y, and 
z axes. 
Relating Forrest's visual triad to violin and viola players, we 
find each musician playing these instruments will exhibit similar 
head postures. The instrument is always positioned on the left side 
of the body with the bow in the right hand regardless of hand 
r 
dominance. Therefore, with a correctly positioned instrument, head 
posture would be at a downward angle around the x axis, a left head 
tilt around the y axis, and a left head rotation around the z axis. The 
posture necessary to perform on the violin or viola also influences 
visual scan which occurs when reading the music in a horizontal 
fashion, and when vertically scanning from the conductor to the 
music stand. There is no head scan involved. (Forrest, 1981) 
Teikari et. al., in their study on genetic and environmental 
effects on oculometric traits, support that · astigmatism can be 
influenced by factors other than genetics. They found that although 
most myopia is caused by increased axial length which is genetically 
predisposed, most astigmatism is caused by a toroidal corneal surface 
which may be influenced by factors such as eyelid tension. This 
same conclusion was reported separately by Lyle and Forrest who 
also support an environmental etiology of astigmatism. Forrest 
states that small amounts of astigmatic changes can be used as 
indicators of changes in work habits and eye usage. His paper gives 
an example of a recent graduate whose refractive astigmatism 
increased in power m the 180th axis twelve months after starting a 
clerical job. This job required a large amount of work which was 
spread out, causing him to scan with his eyes horizontally and with 
his head vertically. Forrest also reported he was able to predict 
scanning status from astigmatic status. He correctly predicted that a 
49 year old female who had a refractive error of right eye, + 1.50-
1.75x020 and left eye, +1.00-2.25xl65 had a horizontal eye scan 
preference, kept work to the right side of her facial midline and 
worked in a "chin down/eyes up" posture. 
.. 
Visual scan, head scan, and eye scan combined seem to have an 
influence on astigmatism. (Forrest 1981 and 1980, Ferguson 1974, 
Sheedy 1992). Forrest suggests that persistent limitation of eye 
movement on a meridional basis leads to the development of 
astigmatism. Childress et. al. confirm this when they correlated 
postural habits as they relate to occupational demands with 
astigmatic refractive errors. They found with-the-rule astigmatism 1s 
related to horizontal viewing demands, against-the-rule astigmatism 
is related to vertical viewing demands, and oblique astigmatism is 
related to oblique viewing demands. This information causes us to 
predict a higher frequency of oblique astigmatism in violinists and 
violists. 
Forrest also believes astigmatic anisometropia develops as a 
result of a constant mismatch between the structural midline of the 
head and the visual midline bisecting the angle formed by the lines 
of sight as they fixate on a target. The eye that looks across the 
facial midline tends to develop more astigmatism. With a head turn, 
the eyes and nose do not point in the same direction. The greater the 
angle formed between where the eyes and nose point, the greater 
will be the astigmatism in the eye that peers across the nose. (Forrest 
1981). Childress also reported that the eye with the most 
astigmatism was often further away from the plane of the visual 
demand. Because of the particular head tilt and stand position of 
violinists and violists, we also hypothesize that astigmatic 
anisometropia may be a refractive consequence for this population. 
There are many opposing ideas in the literature relative to 
neurological accommodative processes. Some authors support the 
idea that equal innervation to each eye produces an equal 
accommodative response. Others note that because there are two 
nuclei providing impulses to each eye, it is theoretically possible to 
have unequal accommodative responses. 
Flitcroft et. al. states that even though accommodative demand 
may not be equal, the accommodative response is. Even though 
there are different accommodative demands, Flitcroft notes that 
"consensual response results from some form of combination of the 
stimuli presented to each eye". Toates also supports Flitcroft' s theory 
of equal accommodation with his proposal that there IS an alternation 
of the signals between the two eyes, and the final output is an 
average of the monocular . signals. 
Supporting unequal accommodation, Rosenberg first found an 
accommodative difference of 1.27D between the two eyes using a 
haploscope which was modified to allow asymmetric convergence. 
Spencer and Wilson also tested accommodative response with a 
haploscope but were unable to replicate these results. They found 
the unequal response to be approximately 0.13D when the stimuli 
demand had 0.31D difference. Wolff (1948) states that because 
there are two Edinger-Westphal nuclei in humans, it may be possible 
that each eye accommodates a different amount to focus on an object. 
Ball (1952) proposed that pathological, neurological, and 
physiological problems may result in the ability of an individual to 
accommodate unequally with an approximate magnitude of 0.106 D. 
He determined this amount by having the subject fixate on a finely 
focus target set at a distance of 16 inches, while a homogenous grey, 
nasal septum separated the subjects eyes. Streak retinoscopy was 
, 
then used to measure the amount of accommodation. Fick (1932) 
believed that "he was able to accommodate unequally when reading 
small print with both eyes, even with a + l.OOD in front of one eye 
and a -l.OOD before one eye. 
When a violinist or violist looks across their midline to scan 
music, there is an unequal accommodative demand and possibly an 
unequal response. Asymmetric convergence also occurs when there 
is a deviation of the eyes from the midline, therefore creating an 
unequal accommodative stimulus to each eye. This would occur in 
violin and viola players due to the unique combination of stand 
position and visual posture found when playing these instruments. 
Due to the conflicting literature about unequal accommodation, our 
study also looked for any long term effects of possible unequal 
accommodative response. 
Skeffington's nearpoint stress model states that a mismatch 
between accommodation and convergence occurs as a result of 
sympathetic nervous system activation which shifts accommodation 
to the farpoint and thereby increases the convergence demand at the 
near target. When such a mismatch occurs, the visual system must 
overcome either diplopia, blurred vision, or asthenopia. Using this 
model, other clinicians, like Getman and Birnbaum have evaluated 
the changes which develop to neutralize this mismatch. Getman 
views astigmatism of 1 D or less as a symptom of accommodative or 
convergence stress. "Astigmatism results from both visual-spatial 
searching as well as being a visual reaction to stress" (Streff and 
Apell 1967). Birnbaum states that accommodative stress produces 
an against-the-rule refractive error as a mechanism of adaptation. 
r 
Another way of neutralizing the nearpoint mismatch is by 
activating myopic shifts to allow for under-accommodation at the 
nearpoint. (Birnbaum 1978) Birnbaum states that our visual system 
is efficient, and prolonged nearpoint stress may produce a myopic 
refractive error instead of a temporary shift. 
The environment in which group rehearsals are conducted has 
become more stressful due to budget cutbacks. Increased 
expectation and demand of performing a given piece of music with 
fewer hours of group rehearsal have increased the stress not only 
during rehearsals, but during performances as well. Our study will 
look for astigmatic and accommodative adaptations which may 
develop to relieve the nearpoint stress created by the unique 
postural characteristics of violinists and violists. 
r 
Methods 
Fifty-six subjects were tested usmg volunteers from the 
following groups: Portland Baroque Symphony, Oregon Symphony, 
and the Columbia Orchestra. To be included in the study the subject 
was required to have at least 20/40 best corrected visual acuity at 
far and near and have no strabismic posture. Subjects were also 
included in the study only if they had a negative history of ocular 
injury or surgery, and had played the violin or viola for a minimum 
of twenty years. Individuals who played violins and violas were 
tested as the experimental group and individuals whose instruments 
do not require head tilts when playing were tested as the control 
group. Examples of the control group include instruments such as a 
trumpet or oboe. The control and experimental groups were 
matched using the best combination of age, daily hours practiced, 
and years played professionally. Those individuals who had played 
professionally for a larger percentage of their life and had practiced 
more hours daily were more desirable as both subjects and controls. 
For example, a subject who was twenty years old, had played for ten 
years and practiced an average of one hour a day was less likely to 
be chosen than a fifty year old subject who had played for forty 
years and practiced an average of two hours a day. Based on this, 
fifteen subjects and fifteen controls were chosen and allocated to the 
appropriate groups. 
For reasons of ease and efficiency we chose to have a mobile 
testing center that allowed participants to be tested on site before, 
during, or after rehearsals. Upon filling out the informed consent 
form and a survey that determined rehearsal, visual, and musical 
habits, volunteers randomly rotated through four stations. The 
stations were as follows: near and distant visual acuities usmg 
snellen acuity charts, cover test, keratome try, and autorefraction. 
The tests were performed on both eyes and conducted per standard 
optometric procedures as approved by the Institutional Review 
Board of Pacific University. Instruments used were a Nidek 
autorefractor and Bausch and Lomb keratometer. 
.. 
Results 
The control and experimental groups were matched using the best 
combination of age, daily hours practiced, and years played professionally. 
Those individuals who had played professionally for a larger percentage of 
their life and had practiced the most hours daily were more desirable as 
subjects or controls. The Mann-Whitney U test was applied to each of these 
variables separately to assure properly matched control and experimental 
groups. The p-values for the ages, years played professionally, and hours 
practiced daily were 0.6187, 0.3516, 0.3195 respectively. This shows that the 
groups were not statistically different. 
An unpaired t-test with a confidence interval ratio of 95% was applied 
to the average of the three refractive error readings to determine if there was 
a higher amount of astigmatism and/ or astigmatic anisometropia existing 
among the experimental group. The hypothesis that there would be more 
astigmatism and astigmatic anisometropia in the experimental group than 
the control group was not supported. An unpaired t-test was also used to 
determine if there were differences in anisometropia between the two groups. 
There was no significant difference between the control and experimental 
group so the hypothesized larger value for the experimental group was not 
supported. Because a higher percentage of oblique astigmatism was expected 
among the experimental group, an unpaired t-test was applied to the 
cylindrical averages. Statistical analysis of these averages also found no 
significant differences between the control and experimental groups . 
.. 
Discussion 
The objectives of this study were to determine if significant differences 
in astigmatic axes, astigmatic anisometropia, spherical anisometropia, and the 
myopic effects of near-point stress existed between violinists and violists as 
compared to musicians who play other instruments. As stated in the results, 
no significant differences were found. This could be due to several aspects 
found in the design of this study. 
First, the number of subjects in each group was not large enough to 
obtain significant data unless there were very large differences. This is due in 
part to limited access to professional musicians in this geographical area. 
Even though discounted comprehensive visual examinations were offered to 
attract participants, there was limited interest which contributed to small 
experimental and control groups. 
Another factor is the difficulty in obtaining perfectly matched 
experimental and control groups because of outside environmental and 
genetic influences. Environmental visual demands of jobs and hobbies may 
play a role in affecting refractive status (Forrest 1981). Genetic factors like race, 
physical features and family history of refractive status have been shown to 
influence patient refractive error. (Teikari 1989) 
More attention to the statistical design would have prevented 
problems that occurred during statistical analysis. For example, having the 
age broken into categories instead of getting an actual age or date of birth 
posed inherent problems when matching control and experimental groups. 
The categories were created with efficiency in mind for the subjects, which in 
the end created question about the validity of our study . 
• 
In conclusion the results of this study indicate no correlation between 
the position of instrument and refractive error. A larger study might show 
some difference and if so, could benefit the musical profession . 
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Subject #_"Q_ 
Visual Occupational Hazards of Violin and Viola Players 
Pacific Univer.;ity Colle:;e of Optometrv 
Please answer the following questions to the best of your knowledge. 
All surveys will be confidential 
1. Do you ~.:urrently have any eye disease? __ -Jyes __ no 
2. Have you ever had eye surgery? yes __ no 
3. What musical instrument do you play? _____ _ 
4. How many years have you played this instrument? ___ _ 
5. Over the past year. how many hours a day have you played your 
instrumem'! __ 0-1 __ 2-5 __ 6 or more 
6. Have you played professionally over the past year?_....,.._yes __ no 
7. How many years have you played professionally? 
_..,.._0-1 __ 2-5 __ 6-10 __ 11 or more 
8. During rehearsal or practice. is the stand typically to your ... 
_....,_left __ right __ centered straight ahead 
9. How many musical groups do you play for on average? 
_..._,_1-3 __ 4-6 __ 7 or more 
10. When you practice. do you take breaks? __ yes __ no If yes. how often? 
__ every 30 min. 30-60 min. __ >60 min. 
11. On a scale of one to ten. with ten being the highest. what level of stress do you 
experience during rehearsals and performances? ______ _ 
12. Do you ever wear glasses when you play? ves __ no 
13 . Do you evc::r wear contact lenses when you play? __ -Jyes __ no 
14. How long have you worn glasses or contact lenses? 
-~0.-5yrs. __ 6-10yrs. __ l1-15yrs. >15yrs. 
15 . Have:: you seen your eye care practioner within the last ... 
__ 1-2yrs. __ 3-4yrs. __ · >5yrs. __ never 
16. What is your age? 
__ 15-25 __ 26-35 __ 36-45 __ 46-55 __ >56 
